A fish yolk protein, '-component ('-c), is the major allergen in chum salmon roe. The 20 effect of proteolysis on the allergenicity of '-c was estimated. Changes in the IgE-21 binding ability of '-c upon pepsin and trypsin digestion were investigated by monitoring 22 the proteolytic cleavage. In the pepsin-trypsin digestion of chum salmon yolk protein, the 23 '-c contained therein was degraded in a manner similar to that of other yolk proteins, but 24 digestion fragments with a molecular mass of > 10 kDa remained throughout the 25 digestion process. Specifically, the peptide sequence between 31-Y and 119-Q (10 kDa) 26 was stable to pepsin-trypsin digestion and the portion showed high IgE-binding ability. 27
to dietary habits, and seafood is recognized as a major allergen in Japan, where more thanand trypsin (100 μg/ml dissolved in 0.5 M NaCl (pH 8.0)) was subsequently added 163 to the solution at 201 units/mg of protein (enzyme:substrate = 1:100 (w/w)). After the 164 reaction at 37 °C for 3 h, the digested solution was boiled for 15 min and added to 1 mM 165 phenylmethylsulphonyl fluoride to terminate the digestion. 166 167
SDS-PAGE analysis 168
Digested proteins were mixed with an equal volume of 2% sodium dodecyl sulphate 169 (SDS) containing 8 M urea, 2% 2-mercaptoethanol, and 20 mM Tris-HCl (pH 8.0) and 170 then heated in boiling water for 2 min. Observation of the digestion fragments was 171 performed by Tricine-SDS-polyacrylamide gel electrophoresis (Tricine-SDS-PAGE) 172 (Schagger & Vonjagow, 1987) , with 4, 10, and 16% acrylamide slab gels used as the 173 stacking, spacer, and resolving gels, respectively. The protein bands were soaked in 10% 174 acetic acid and 40% methanol solution for 30 min and then stained by Coomassie 175
Brilliant Blue G (Sigma, St. Louis, MO). The molecular mass of each stained band was 176 calculated from the mobility of Tricine-SDS-PAGE analysis. 177 178 2.8. Carboxymethylation of '-c mM ethylenediaminetetraacetic acid, and 10 mM 2-mercaptoethanol, and the solution pH 181 was precisely adjusted to 8.0 using 1 M NaOH. After agitation for 3 h at room 182 temperature, 0.25 M monoiodoacetic acid was gently and dropwise added to the '-c 183 solution, and the pH of the protein solution was kept at 8.0 by adding 1 M NaOH. When 184 the final concentration of monoiodoacetic acid reached 10 mM, the reaction mixture was 185 agitated for 30 min at room temperature in the dark, dialysed against 1 mM NaHCO 3 for 186 18 h, and subsequently dialysed against 0.1 mM NaHCO 3 for 6 h. After dialysis, the 187 carboxymethylated '-c thus obtained (two subunits were separated) was lyophilised, 188 stored at < -60 °C until use, and dissolved in 0.5 M NaCl-20 mM Tris-HCl (pH 8.0) just 189 before the experiment. 190 191
Detection of digested allergenic fragments using immunoblotting 192
Digested products of YPE and '-c were subjected to Tricine-SDS-PAGE and then 193 transferred onto a polyvinylidene difluoride membrane (Immobilon-P, Millipore, Billerica, 194 MA) using a semidry blotting system (ATTO, Tokyo, Japan). The membrane was soaked 195 in blocking buffer (3% casein dissolved in 150 mM NaCl and 20 mM Tris-HCl (pH 7.5; 196 TBS)) at room temperature for 1 h and incubated with the patients' sera (pooled P1-P9, 197 The IgE-binding ability of digested products of '-c was investigated using competitive 209 enzyme-linked immunosorbent assay (ELISA) by employing pooled sera of patients 210 (P10-P13) and pooled sera of nonallergic individuals (C1 and C2). A 96-well ELISA plate 211 (IWAKI, Tokyo, Japan) was coated with 2.5 μg/ml '-c (100 μl/well) that had been 212 dissolved in PBS and then incubated overnight at 5 °C. After being washed 213 with PBS containing 0.05% Tween 20 (TPBS), the residual blocking sites in 214 each well were coated with a blocking buffer (1% casein in PBS) at 37 °C for 1.5(diluted 1:50-100 times with the blocking buffer) were mixed with an equal 217 volume of '-c or its digested products as an inhibitor (0.002-200 μg/ml diluted 218 with the blocking buffer). After incubation at 37 °C for 2 h, 70 μl of each solution 219
were placed into the '-c coated ELISA plate and incubated again at 37 °C for 220 2 h. After the plate was washed with TPBS, 100 μl/well of peroxidase-221 conjugated rabbit anti-human IgE antibody (Biosource, Camarillo, CA) diluted with 222 the blocking buffer (1:2000) were added to each well and incubated at 37 °C for 1.5 h. 223
The enzyme-substrate reaction was performed using BM Blue POD Substrate The '-c contained in YPE was subjected to continuous pepsin-trypsin digestion for 3 h, 272 and the proteolytic degradation was monitored using immunoblotting. As shown in Fig.  273 1B, '-c in the intact YPE was detected as a 17 kDa single band and disappeared after 274 pepsin-trypsin digestion, whereas its immunoblotting signal by anti-' clearly remained. 275
That is, the digestion fragments of '-c (14-16 kDa) were observed after the enzymatic 276 degradation. These results suggest that '-c contains a large portion having proteolytic 277 resistance, unlike other yolk proteins in YPE. 278 279
Digestion of '-c and IgE-binding ability of its digestion fragments

280
Intact and carboxymethylated '-cs were subjected to pepsin-trypsin digestion, and their 281 digested products were detected by Tricine-SDS-PAGE. As shown in Fig. 2 , the intact '-282 c was degraded to eight major fragments by pepsin digestion for 3 h, and marked 283 proteolysis was followed by trypsin digestion. Finally, three major components (5.4, 10.6, 284 and 14.6 kDa; arrows in the figure) and a small amount of '-c (arrow in the figure) 285 remained after 3 h trypsin digestion. On the other hand, the digested pattern of 286 carboxymethylated '-c was different from that of intact '-c; that is, the 17 kDa-287 component disappeared, and five major fragments (5.0 -11.3 kDa; arrows in the figure) were observed after 3 h of trypsin digestion. 289
The digested '-cs obtained by pepsin-trypsin digestion for 3 h each were subjected to 290 SDS-PAGE and subsequently reacted with the serum of a salmon-roe-allergic patient 291 (Pooled P1-P9) in immunoblotting to clarify the fragments with IgE-binding ability in 292 digested '-c and to estimate their approximate molecular weight. The amounts of 293 applied proteins used in the digested-sample-experiments were larger than that used in 294 the intact '-c (See Figure 3) . A large number of digestion fragments were developed in 3 295 h by pepsin digestion and subsequent 3 h trypsin digestion, and the digestion fragments 296 with the molecular mass of < 10k Da had no IgE-binding activity in all digested samples, 297 whereas some digestion fragments with a molecular mass of >10 kDa reacted markedly 298 with IgE in the patient serum. In the intact '-c (the upper photos in Fig. 3 ), three IgE-299 binding fragments were detected after 3 h of pepsin digestion (F-a, -b, and -c: 16.9, 15.9, 300 and 12.1 kDa, respectively), and the subsequent 3 h of trypsin digestion (F-d, -e, and -f: 301 16.9, 14.9, and 11.7 kDa, respectively). These results indicate that '-c can retain its IgE-302 binding ability upon proteolysis by high concentrations of pepsin and trypsin. 303
Three IgE-binding fragments were also observed in the pepsin digestion of 304 carboxymethylated '-c (lower photos in Fig. 3 . F-g, -h, and -i: 16.9, 14.9, and 12.1 kDa, 305 respectively), whereas the largest fragment (F-g) disappeared and two IgE-reactivefragments (F-j and -k: 11.3 and 10.0 kDa, respectively) were developed after subsequent 307 trypsin digestion. The result of carboxymethylated '-c suggests that the tertiary structure 308 participates in the acquisition of tryptic resistance. 309 310
Identification of digestion fragments of '-c
311
The eleven kinds of IgE-binding fragments generated from the intact and 312 carboxymethylated '-cs (Fig. 3) were subjected to amino acid sequence analysis, and the 313 N-terminal 5-amino acid sequences were attributed to the amino acid sequence of intact 314 The effect of enzymatic digestion on the allergenicity of '-c was evaluated by 326 competitive ELISA using the intact '-c and the digested '-cs as inhibitor antigens. As 327 shown in Fig. 5A , the reaction between the specific IgE and the solid-phase '-c on the 328 ELISA plate was effectively suppressed with an increase in the concentration of the intact 329 '-c added to the patient's serum (P10). The inhibition rate was 70% at 0.1 μg/ml and 330 reached 100% at 100 μg/ml. The inhibition rate was significantly lower in the 331 pepsin-and the pepsin-trypsin-digested '-cs than in the intact '-c at the inhibitor 332 concentration of >0.1 μg/ml (p< 0.01). The IC 50 of the intact '-c was 0.07 µg/ml and 333 increased to 3.86 and 5.21 μg/ml after 3 h pepsin digestion and pepsin-trypsin 334 digestion, respectively. That is 55-and 74-fold increase in the IC 50 change upon the 335 respective enzymatic digestions. However, the inhibitory effect of both digested '-cs 336 was diminished with increasing concentration. The inhibition rates finally reached 100% 337 at 100 μg/ml. A similar result by competitive ELISA was also found with the sera of 338 other patients (P11-P13; data not shown). These results imply that major IgE-binding 339 sites (epitopes) remained through pepsin-trypsin digestion. 340
As shown in Fig. 5B , the inhibitory effect of carboxymethylated '-c was significantly The detection of the N-thermal amino acid sequence of the digestion fragments in this 365 work contributes to an understanding of the digestion behaviour of '-c. Since there was 366 a difference in the digested peptide pattern between intact and carboxymethylated '-cs 367 (Fig. 2) , 11 kinds of digestion fragments having IgE-binding ability (F-a to F-k) were 368 obtained. As described in Fig. 3 , the N-termini of F-a and F-d coincided with that of 369 intact '-c, and a slight decline in their mobility during pepsin-trypsin digestion occurred 370 in Tricine-SDS-PAGE. These results suggest that a small amount of '-c that has partially 371 digested its C-terminus site remains after pepsin-trypsin digestion in vivo. On the other 372 hand, a large fragment corresponding to F-d was lost by trypsin digestion in 373 carboxymethylated '-c, suggesting that the subunit structure is partially involved in the 374 proteolytic resistance of '-c. 375
The identification of the region of each fragment in the amino acid sequence of intact 
kDa). 386
Additionally, the tryptic digestion fragment, F-e (14.9 kDa), was derived from F-a (16.9 387 kDa) or F-b (15.9 kDa). The mobility of the digestion fragments was slightly diminished 388 by subsequent trypsin digestion, whereas the loss of molecular mass between F-a or F-b 389 and F-e estimated from the mobility change was apparently larger than that of the lacking 390 N-termini (EVNAVKCSMVGDTLTTFNNR or TTFFNNR). Therefore, it is apparent that 391 the C-terminus sides of the peptic digestion fragments were also cleaved by the 392 subsequent trypsin digestion. In Fig. 3 , the IgE-binding intensity of each '-c fragments 393 seemed to be different and the higher molecular weight bands showed a strong intensity. A quantitative evaluation using competitive ELISA showed the effect of proteolytic 409 digestion on the IgE-binding ability of '-c (Fig. 5) , and it was apparent that pepsin 410 digestion decreased the IgE-binding ability of the digested  '-c. On the other hand, the 411 subsequent trypsin digestion showed a weaker effect on the IgE-biding ability although 412 the digestion of '-c was further progressed as shown in Figure 2 . The results in Figs. 2, 3,  413 and 5 indicate that trypsin digestion has no effect on the structure of sequential epitopes 414 remaining in '-c fragments after pepsin digestion. Therefore, stomach digestion seems to 415 play an important role in the loss of allergenicity of '-c in human gastrointestinal tract. 416
However, as described above, allergenicity could remain in part through stomach 417 digestion and reach the small intestine. The reduction of IgE-binding ability with the progress of tertiary structural change hasbeen reported in peanut allergen (Ara h 2), a proteolytically stable allergen. The IgE-433 binding ability of '-c was also reduced by carboxymethylation, as shown in Fig. 5B,  434 suggesting that a part of the specific IgE in a patient's serum recognises the structure of 435 '-c. Therefore, it is apparent that the reduction of IgE-binding ability in intact '-c was 436
caused by not only the degradation of peptide bonds but also the loss of the intrinsic 437 structure of '-c. However, the IgE-binding ability was highly retained after pepsin- carboxymethylated '-cs were subjected to pepsin-trypsin digestion (each for 3 h), as 583 noted in Fig. 1 . P: protein staining of the digestion fragments in Tricine-SDS-PAGE. 584 IB: Immunoblotting using the serum of a salmon-roe-allergic patient (P-9 listed in Table  585 1). 586 3 . IgE-binding ability of digestion fragments from chum salmon β'-c. Intact and carboxymethylated β'-cs were subjected to pepsin-trypsin digestion (each for 3 h), as noted in Fig. 1 . P: protein staining of the digestion fragments in Tricine-SDS-PAGE. IB: Immunoblotting using the serum of a salmon-roe-allergic patient (P-9 listed in Table 1 ). 
